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Objectives
» Define hypertrophic cardiomyopathy (HCM).

 Identify the strengths and weaknesses of different
iImaging modalities as it relates to HCM.

« Become well versed at identifying obstruction by
spectral Doppler.

* Review HCM phenocopies that would change
management strategies.






Definition-Adults

« Wall thickness greater than or equal to 15mm, in the absence of
other causal cardiac, systemic, syndromic or metabolic disease.

o In otherwords, "hypertrophy unexplained by loading conditions”.

o OR >12 and FH of HCM of known disease-causing genetic
mutation.

« Hypertrophy is usually asymmetric, affecting non-contiguous LV
segments, occasionally the RV.

o Variants include basal septum (most common), sigmoid septum,
reverse curvature, concentric, and apical.

« Largely attributed to genetic mutation in sarcomere proteins.



Multimodality approach
« H&P and ECG

* Echo

« CMR

e Cardiac CT

* Nuclear imaging






Echocardiography

+ Initial imaging modality of choice.

 Critical to avoid apical foreshortening in order not to miss
ApHCM or apical aneurysms, crypts.

« Low threshold to utilize contrast to identify/measure all
segments.

o Would also have the benefit of myocardial target
localization for alcohol septal ablation.

* Avoid pitfalls of measuring RV trabeculations, moderator
band, and crista supraventricularis.



Pitfalls









Evaluating HCM vs phenocopies

Athlete's heart
« Social history is critically importance regarding type and volume of
physical activity.

o0 Correlated with 12 lead ECG

» Look for T wave inversions beyond V4, ST depression, or
septal Q waves.

» 5-10% patients with phenotypic HCM will have normal ECG

« There are difference wall thickness cut-offs depending on race.
Black athletes will have wall thicknesses up to 15 that may be
considered normal.

= Most Caucasian athletes, should not exceed 12mm.

Generally, there is <1-2mm difference in 2 contiguous
segments.



Cardiac Amyloid

« LV wall thickness, biatrial enlargement, marked diastolic dysfunction

« Wall thicknesses can be similar, mean septal and PW thickness was
17 in ATTR. Lower cutoff point for AL amyloid.

 Ultilize strain. Classically, would look for apical sparing with "cherry
on top". Can reclassify up to 22% of patients.

o0 CMR to look for abnormalities in gadolinium pattern, kinetics and
expansion of extracellular volume.
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DDX

» Hypertensive heart disease- May be asymptomatic, ECG with LVH
and repolarization abnormalities, LVH is usually concentric.

* Anderson-Fabry disease- Mutation in theGLA gene. This gene
encodes the enzyme a-galactosidase. Presents as a peripheral
neuropathy, renal insufficiency. Characteristic decrease in T1
times CMR.

 Danon- Children and adolescents, X-linked dominant, LAMP2
gene mutation

« PRKAG2-Abnormal accumulation of glycogen in myocytes.
Presents as myopathy, myalgia, epilepsy, hypertension.

» Fredrichs Ataxia- Loss of DTRs, weakness, dysarthria, diabetes.



Systolic function

 EF should be normal or hyperdynamic in most patients
without significant LGE.

 LVEF of <50% is considered abnormal in HCM and is
one indication for consideration of ICD.

« UEA improves LV systolic function assessment and
concordance with MRI
o Particularly important for the assessment of apical
aneurysm, thrombi, etc.



Diastolic dysfunction

* Large contributor to morbidity in HCM regardless of obstruction.



LVOTO and MV abnormalities

« Resting gradient in about 1/3 of patients
o Thought to be significant when gradient is >30mmHg.
 Provocable in about 1/3.
o Valsalva, amyl nitrate inhalation, nitroglycerin, squat to stand,
exercise.

« Final 1/3 have neither resting or provoked LVOT gradient and
classified as having nonobstructive HCM.

**Restin? or provocable gradient of >50mmHg is traditional threshold
for SRT for drug refractory symptoms.

**Dynamic and frustrating. Varies related to afterload preload, and
contractility.

0 Requires a high index of suspicion.



MV and Papillary abnormalities

Elongated mitral valve leaflets are prevalent in patients
with oHCM

o Characteristically coapt at the body of the mitral valve
and not the tips.

Papillary anomalies can contribute
o Apical or anterior displacement can lead to chordal-
leaflet laxity which in turn contributes to SAM.

Look for bifid paps (70%), pap hypertrophy, anomalous
insertion (directly into anterior MV leaflet 13%)






G r ad | e n t CW is the workhorse for determining peak gradient.
o Bernoulli equation correlates well with

eV al u a,t| O n invasive measures.









Methods to provoke obstruction

Postprandial Imaging
Valsalva
o Forced exhalation against closed airway
Squat to stand
o0 Decrease in preload. Squat for 3 seconds, then stand;
repeat x5.
Amyl nitrite
o0 Potent vasodilator the reduces afterload
Exercise stress echo

o Upright always preferred to supine if able. Supine
increases preload and afterload and lower HRR.

o0 Generally BB and CCB not withheld prior to exercise



Echo math
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Don't be Sometimes it is best to start with what is known

o0 Encourage sonographers to isolate, record
confou n ded by and label MR by sweeping CW jet away from
the MR jet LVOTO first.
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Discrete subvalvular stenosis

« Can occur in isolation or as part of congenital complex
* Doppler profile is dense and early peaking
o Often associated with some degree of aortic
insufficiency.

 Membrane or circumferential narrowing at the base of
the LVOT

o TEE or CT/MR my sometimes be necessary.

« Can be associated with reactive hypertrophy and will
have turbulent flow in the LVOT

0 Look closely for the absence of SAM, with echo
consider the use of "color compare mode".



Coexisting AS

* Must be meticulous in your 2D assessment of the aortic
valve.

« Continuity equation is not recommended
o Planimetry is considered standard

« Simplified Bernoulli equation often cannot be used if
proximal velocity exceeding 1.5m/s

o Modified
* Invasive measures is for when echo fails.






Pitfalls

SAM is not specific to
HCM



Role of CMR

Primary role is adjudicating
morphology, best defining
function, and tissue
characterization with LGE.

Defining wall thickness in any
predefined plane.
Exclude phenocopies:

o Amyloid

o HHD

o Fabry's

0 Athlete's heart
Can be performed serially every
3-5 yrs to assess for progression
in LGE if it would affect clinical
decision making.






Assessing for ischemia

PET and SPECT can be used with caveats

o Due to its ability to quantified flow reserve, PET is
generally preferred.

0 Peak stress flow may be blunted due to impaired
microvascular function

= PET derived FR is independent predictor of
deterioration and death.






What do | do with that?



Cardiac CT

Useful for detecting obstructive CAD noninvasively

o0 For HCM patients this exists in up to 7-19% of patients.
Same parameters apply for stardard CMR cohorts

o0 Low heart rate, regular rhythm
o0 Reasonable BMI

o No significant known coronary stents/heavily calcified
native vessels.

o GFR >30

Nitroglycerin is often used and should be avoided in patients
with severe LVOTO.

Generally, tends to overestimate disease stenosis severity
o Largest strength is negative predictive value.



Conclusions

* Imaging is critical in the assessment of patients with
known or suspected HCM.

« CMR has a crucial role in the assessment of:

o LGE, apical aneurysms, papillary abnormalities,
indentifying phenocopies.

« Complimentary role of CCTA in coronary assessment

* Imaging guides treatment including medical therapies,
SRT, etc.

« Each modality has strengths and limitations. Findings
should be discussed with referring team to help further

direct their care.



What LV wall thickness (in absence of predisposing
condition, or known genetic mutation) is diagnostic of
HCM?

12 mm
10 mm

15 mm

alo]lo o

14 mm



Which of the following is not a phenocopy of HCM?

ARVC

Anderson Fabry's disease
Cardiac amyloidosis
Hypertensive heart disease

o o oo
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